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ABSTRACT
Combinatorial chemistry is a means of rapidly generating large
numbers of diverse molecules for the identification ofnovel molecular
properties. This study will describe the attempt to synthesize, characterize
and purify of a library of tertiary amine derivatives of ethyl p-aminobenzoate
by solution-phase combinatorial synthesis.
In this study, indirect reductive amination and subsequent alkylation
of ethyl p-aminobenzoate is expected to produce thirty-five structurally
related analogs. HPLC and LC-MS analysis of the resultant library however,
shows that reduction of the imine intermediates with sodium
triacetoxyborohydride also results in reduction of the ester functionality
which prevents the subsequent alkylation reaction. A mechanism for these
results will be proposed.
xn
1. INTRODUCTION
1.1 HISTORY OF COMBINATORIAL CHEMISTRY
Combinatorial chemistry has been defined as a branch of chemistry
which involves a reaction scheme using the combination of a small number
of chemical reagents in all combinations to yield a large number ofwell-
defined products that can be easily screened for properties of interest.
The combinatorial generation oforganic compound libraries in recent
years has become a powerful tool to assist drug discovery1. The libraries fall
into two general classes. The first class is "random" libraries, which are
tested in a variety ofbiological assays for identification of the novel leads.
The second is "focused" libraries, which are used for lead optimization
against a specific target. This new field brings togethermany technologies,
which include synthesis, screening, analytical, computational, automation,
and information management. These technologies work together creating an
effective set of tools for discovery ofnew pharmaceuticals and materials.
Combinatorial chemistry historically has its roots in the 1960's with
the work ofRobert B. Merrifield2. His early work in solid phase peptide
synthesis awarded him the Nobel Prize in 1984. This laid the foundation for
work throughout the 1980's in efforts to produce many diverse peptide
libraries. Following Merrifields's groundbreaking work, Mario Geysen
developed the Geysen Pin Method in 19843. His work introduced the
synthesis ofpeptides on a rack of functionalized polypropylene pins, which
were evaluated for their binding abilities while the peptides were still





methods of split pool synthesis for making peptide mixture libraries. Lam
discovered that by using the split and mix procedure, every individual bead
carried a different peptide which gave rise to the "one bead - one
compound"
method. In 1991, Houghten developed several methods for solid
phase parallel synthesis ofpeptide libraries6, including the tea-bag method of
synthesis.
Significant breakthroughs in the area ofhigh throughput screening
techniques marked the end of the 1980's and significantly changed the focus
of combinatorial chemistry. Emphasis was then shifted toward the synthesis
end, to produce libraries faster in order to keep pace with the rapid
screening. In the early 1990's it became apparent that small molecules had
7 R
some advantages over peptides. Ellman, et al. , and Dewitt, et al.
independently produced the first small organic molecule libraries. During
this rapid growth period, an entire industry began to emerge centered around
combinatorial chemistry. In recent years, a great deal ofwork has been done
in the development of both solution phase and solid phase synthesis
applications. Each type of synthesis and each library approach has certain
advantages and disadvantages, that need to be considered before deciding
which approach is to be used.
1.2 SOLID PHASE SYNTHESIS
The majority of combinatorial studies reported in the literature use
solid-phase synthesis. The primary advantages of solid-phase synthesis are
that a large excess of reagents can be utilized to drive the reactions to
completion and that the excess of reagents may be removed by filtration,
therefore eliminating the time consuming work-up associated with organic
synthesis in solution. Solid-phase synthesis is well suited for library
generation involving multistep transformations since general and high-
yielding reactions can be performed on solid support. Also, with easy
isolation and purification, the reactions can be run with high dilution, and
synthesis can be automated. One disadvantage, however, includes limited
chemistry due to a narrow range of solid phase reactions and limited
temperature ranges. Also, the analytical monitoring is difficult of solid phase
reactions and the scale is limited.
The basic concept of solid-phase synthesis is shown in Figure 1.1. The
first step in the reaction sequence is the attachment or loading of a core
molecule to a solid polymer support through a covalent bond. After the core
molecule (scaffold) is bound to the resin, the desired reactions are carried
out while the molecule is still bound to the resin. These reaction steps can be
performed in large excess of reagents to drive the reaction to completion.
When the reaction is complete, any of the unreacted materials can be rinsed
away leaving the desired compound on the resin. This makes for a fast and
efficient purification procedure. After all of the reactions have been carried
out to completion, the final step is to cleave the product.from the resin.
Multifunctional scaffolds employ standard protecting group chemistry
utilizing some common protecting groups such as Boc, Fmoc (for amines)
and substituted ethers for alcohol groups. In addition, the resin itself serves
as a functional group until the final step9.
Figure 1.1: Flow Diagram of Solid-Phase Synthesis




























Solid phase or solution phase synthesis can be carried out in two ways
- using parallel synthesis or split-pool synthesis. With parallel synthesis the
reactions can be carried out in separate reaction vessels. Each vessel
undergoes a specific reaction, which is different from the others. All of the
reactions happen simultaneously with each vessel containing the same resin.
Each of the rows is treated with a different reagent, whieh is simultaneously
added to each. This results in a library of products because each vessel will
have a compound different from the others. The scheme is shown in Figure
1.2, where the columns are treated with the reagents A, B, C, D, and E
respectively, while the rows are treated with the reagents 1, 2, 3, 4, and 5.
This results in a library consisting of25 different products. The advantages
to this type ofmethod are that since each vessel contains only one compound
there is no need for an isolation step and the compound will be ofhigher
purity. In addition to this, the structure activity relationships can be easily
determined. However the major disadvantage to the parallel approach is that
the library synthesized has a less number of compounds when compared to
the split pool method.
Figure 1 .2: Parallel Synthesis
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1.2.2 SPLIT POOL SYNTHESIS11
The split pool method is a good way to synthesize equimolar
mixtures. As you can see in Figure 1.3 with the split pool method the resin is
divided into three equal parts. Each part is treated with a synthetic unit of
type A, which results in equimolar amounts of three product resins Al, A2,
and A3. The products are then pooled together and further divided into three
equal groups.
These groups are then treated with BI, B2, or B3 respectively. This
results in the formation of 9 different products. The 9 products are then
pooled together and divided equally into three groups. These groups are then
treated with CI, C2, or C3 respectively. This results in the formation of 27
different products.
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The total number of synthesized products that could be formed can be found
by using the formulaN = n m. In this formula, N is the total number of
compounds synthesized, n is the number ofbuilding blocks that have been
added onto the resin and m is the number of chemical steps that have been
carried out. For this particular example itwould be 33.
The major advantage of this method is that large libraries can be
produced. One of the major disadvantages to this method is that
identification of the key compounds would be a time consuming process.
However, using tools such as tagging and encoding can eliminate this
disadvantage.
1.2.3 EXAMPLE
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One example of a combinatorial method for solid-phase synthesis is the
10
synthesis of a-amino phosphonates by Barry A. Bunin , shown in Figure
1 .4. From the figure you can see that the Wang resin was treated with the
necessary compounds to make the resin-bound salt. Next the salt under goes
two esterification steps after which the resin is cleaved to give the final
product in 60% yield.
From this synthesis they learned that condensation of imines with
support-bound reagents provide amino phosphonate products in higher
yields than other Lewis acids investigated. Sonication of the support-bound
reagents in the presence of imines also afforded the condensation products.
To compensate for partial cleavage from the resin that occurred during
sonication, the esterification procedure was repeated after the sonication
step.
1.3 SOLUTION PHASE SYNTHESIS
Solution-phase synthesis approaches in combinatorial chemistry focus
1 1
on using the traditional organic synthesis techniques , those typically use
'one-pot'
reactions on a small scale with no isolation of the intermediates.
This approach, as a result, is usually limited to reactions that have only a few
synthetic steps. Advantages to this type of synthesis include the ability to
directly apply traditional synthetic knowledge and experience, the limitless
range of reaction types, and the ability to scale up reactions. However, there
are some disadvantages to this approach including, the fact that the products
10
generated from the 'one-pot' reactions are generally impure and require
purification. Also, it does not lend itselfwell to a split and mix technique for
the generation of a library, and the reactions must be limited in complexity
and in the number of steps.
1.3.1 EXAMPLE
Figure 1.5: Solution-Phase Combinatorial Synthesis ofPolyazacyclophane
Scaffolds and Tertiary Amine Libraries
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One example of a solution phase combinatorial synthesis is the
synthesis ofpolyazacyclophane scaffolds and tertiary amine libraries by
Barry A. Bunin10, which is shown in Figure 1.5. The points of interest for
this synthesis are that the monoprotected polyazacyclophanes were
synthesized with an orthogonal Boc and 2-nitrobenzensulfonyl protecting
groups allow for further derivation. The mixtures were purified from
reagents by chromatography in 94% yield. In addition, libraries of 100
compounds were prepared in pools of 10 by taking the two reaction sites and
combinatorializing them with 10 functionalities. Then a deprotection of the
library with TFA was followed by chromatographic purification in 93%
yield. The remaining reactive site was treated sequentially with each of the
10 electrophiles under the same conditions. This then produced libraries in
yields of 60-98% after preparative thin-layer chromatographic purification.
In order for solution phase synthesis to be a practical method,
improved methods for the workup and purification need to be developed as
alternatives to aqueous extractions, crystallization, and flash
chromatography. The use ofpolymer-bound reagents and scavengers
provide a simple and effective means for purifying multiple solution phase
reactions in parallel1314.
The types of resins developed for parallel solution phase synthesis are
placed into two main categories: scavenger resins and bound resins.
Scavenger resins provide convenient means for effecting chemically driven
separations. This allows for workup and purification of the chemical
reactions without the need for chromatography. A scavenger resin is added
only after the reaction is complete in order to quench and react with the
excess reactants and/or reaction byproducts. The resulting resin bound
reactants are removed by a simple filtration method. The removal of the
excess reactant is shown in Figure 1 .6. During the reaction a bound reagent
12
is present and this allows for the removal ofboth the unreacted and the spent
reagent by a filtration method. A properly designed bound reagent will often
perform in a similarmanner to their small molecule equivalents with
minimal optimization for a given synthetic transformation15.
Figure 1.6: Polymer Reagents and Scavengers
Solution Phase Reaction Scavenger Resin Product
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1 .3.2 POLYMER BOUND REAGENTS AND SCAVENGER RESINS
A bound reagent is present during the reaction process and allows for
the removal of both unreacted and spent reagent by means of filtration.
Bound reagents perform the same function as the small molecule analog.
The tertiary amine resins, PS-DIEA and PS-NMM, are a common example
13
ofbound reagents. They are designed to behave similarly to
diisopropylethylamine (DIEA) andN-methylmorpholine (NMM). In the
reactions where these serve as the tertiary amine bases, they form bound
amine hydrochloride salts that are easily removed by filtration. Another
common example is MP-Borohydride, which can be used for the reduction
of carbonyl compounds, azides and oximes; reductive amination and
reduction of conjugated enones to unsaturated alcohols. * The bound reagents
mentioned above can be used together with PS-DMAP where DMAP
catalysis is required.





Scavenger resins provide convenient means for effecting chemically-
driven separations. This allows forworkup and purification of the chemical
reactions without the need for chromatography. A scavenger resin is
generally added after the reaction is complete to quench and selectively react
with excess reactants and/or the reaction by-products. The resulting resin
bound reactants are removed be simple filtration. One common example is
PS-TsNHNH2, tosyl hydrazine, it is a resin-bound equivalent of/?-toluene-
sulfonyl hydrazide and readily reacts with aldehydes and ketones. In
comparison with a polymeric benzyl hydrazide it showed that tosyl
hydrazine was a superior scavenger for carbonyls and much more stable.
Another common example is taking a mixture ofDDQ and DDQ-H,
scavenging them with a mixed-bed of a bound tetraalkylammonium
ascorbate to reduce unreacted DDQ and bicarbonate resin to sequester DDQ-
H. The first wash rids the mixture ofDDQ, which is the oxidizing agent. The
second wash rids the mixture ofDDQ-H, which is used to reduce DDQ.
15











Bound reagents and scavengers can be used individually or together to
simplify the reaction workups and to avoid the time consuming aqueous
extraction and chromatography. In addition to this, polymer scavengers and
reagents can also be useful for the purification of cleaved products from
solid phase reactions.
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1.4 COMPARISON OF SOLID-PHASE SYNTHESIS AND SOLUTION-
PHASE SYNTHESIS
A comparison of solid-phase and solution-phase methods is shown in
Tables 1.1 and 1.2.
Table 1.1: Advantages of Solid-Phase Synthesis verses Solution-Phase
Synthesis16
Solid-Phase Synthesis Solution-Phase Synthesis
Possibility of the split-pool approach Presence of solid support does not
hinder the reaction rates
Reactions can be driven to completion
by use of excess reagents due to mass
action effect
A cleavage step is not required
Excess reagents and solvents can be
removed by washing and filtration
Choice and development of linker is
not required
Liquid handling is not required Any chemical reaction can be carried
out even with the use of complex
organometallic reagents
Products can be recovered without any
evaporation
High temperature reactions can be
carried out without any difficulties
Protecting groups may be used Protecting groups can be used if their
removal gives volatile by-products
All washing can be automated
17
Table 1 .2: Disadvantages of Solid-Phase Synthesis verses Solution-Phase
Synthesis
Solid-Phase Synthesis Solution-Phase Synthesis
Limited chemistry due to the narrow
range of reactions
Stoichiometric amounts of reagents have
to be used unless some of the reaction
products are volatile or a solid phase
resin is used to remove the excess
Different solid phase supports display
different reaction rates
Excess reagents cannot be recovered
*
At high temperatures care should be
taken to prevent swelling or deformation
ofbeads
Solutions must be prepared manually
Analytical reaction monitoring is difficult Product isolation is associated with
solvent evaporation
Products generated from the 'one-pot'
reactions are generally impure and
require purification
The choice ofmethod depends on the desired library and the reaction
sequence that takes place. A common advantage to both solid-phase and
solution-phase synthesis is that both methods possess the ability to be
automated.
2. OBJECTIVE
Combinatorial chemistry is a way of rapidly generating a large
number ofdiverse molecules for the identification of specific molecular
properties. The purpose of this study is to describe the synthesis,
characterization and purification of a library of tertiary amine derivatives of
ethyl p-aminobenzoate by solution-phase combinatorial synthesis.
The goal ofour research was to synthesize thirty-five structurally
related analogs using reductive amination and alkylation reactions. The
library ofproducts will be analyzed by LC-MS and purified by ion-exchange
chromatography. This synthesis is suitable for an undergraduate laboratory
and represents a pathway to molecules applicable to medicinal chemistry.
2.1 REDUCTIVE AMINATION / ALKYLATION
Reductive amination processes begin when a carbonyl group reacts with
a primary amine. Then the primary amine is converted to a secondary amine
in a stepwise process. In the first step, the aldehyde reacts with a primary
amine to form an imine. The next step involves the reduction of the imine by
the addition or the reducing agent via hydride reduction (Scheme 2.1).
19
























There are two ways in which to carry out a reductive amination -
direct reductive amination and indirect reductive amination. Direct reductive
amination involves mixing the amine, the carbonyl compound (aldehyde)
and the reducing agent together. Mixing all the compounds together at once
does not allow for isolation of the imine. Not isolating the imine results in
bisalkylation since formation of the secondary amine product occurs while
some aldehyde remains allowing for a second cycle to occur. Scheme 2.2
20
depicts the formation ofa bisalkylated product. Indirect reductive amination
involves letting the amine and the carbonyl compound to react first to form
the intermediate. The intermediate is then isolated, to prevent bisalkylation
from occurring, and the reducing agent is added. This results in the
formation of the desired monoalkylated product. For this project we will be
using the indirect reductive amination approach to synthesize our library of
compounds.
The most commonly used reducing agents for reductive amination are
hydrogen in the presence of catalytic amounts ofpalladium, nickel, or
platinum, sodium borohydride and sodium cyanoborohydride. But the most
widely used reducing agent is sodium triacetoxyborohydride.
21



































































We devised a scheme where you are reacting aromatic amino esters
with 7 different aldehydes in an indirect reductive amination to create a
library of products using ethyl p-aminobenzoate.









2. 1 .2 REDUCTIVE ALKYLATION
After forming the library ofproducts we are going to expand this
library by treating the secondary amines with a series of 5 different alkyl
halides.






2.2 ANALYTICAL EVALUATION OF SOLUTION-PHASE
SYNTHESIZED LIBRARIES
Solution-phase libraries are relatively easy to evaluate. Classical
techniques like HPLC, GC-MS, NMR, LC-MS and TLC are used as tools
for monitoring the progress of the reaction and also for analysis of the final
product. The library to be analyzed is shown in Table 2.1.
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All the chemicals used were from Sigma-Aldrich and all the solvents
used were HPLC grade solvents.
3.1 PRELIMINARY STUDY USING SOLUTION-PHASE SYNTHESIS -
REDUCTIVE AMINATION LIBRARY OF 4-AMTNOBENZOIC
ACID
In a vial, 5.0 mmol of an amino acid was added followed by 5.5 mmol
of triethylamine. Then 5.5 mmol of the aldehyde/ketone and 10 mL of
dichloromethane was added. The reaction was run for 2 hours while stirring.
This was followed by the addition of 7.5 mmol of sodium
triacetoxyborohydride. The reaction then ran for an additional 30 minutes.
After this time isolation of the product can be done by filtration. This is a
general procedure for all amino acids and aldehydes/ketones.
3.2 SOLUTION-PHASE SYNTHESIS - REDUCTIVE AMINATION
LIBRARY OF ETHYL p-AMINOBENZOATE
In a vial, 5.0 mmol of an amino ester was added followed by 5.5
mmol of triethylamine. Then 5.5 mmol of the aldehyde and 10 mL of
dichloromethane was added. The reaction was run for 2 hours while stirring.
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This was followed by the addition of 7.5 mmol of sodium
triacetoxyborohydride. The reaction then ran for an additional 30 minutes.
In order to be sure that the product was fully reduced a second equimolar
amount of the reducing agent was added. After this time, isolation of the
product can be done by filtration. This is a general procedure for all amino
esters and aldehydes. In addition to filtration, all samples were purified by
conversion to their quaternary salts by acidification with concentrated HC1
precipitation from ethanol. The resulting salts were dried and used in the
subsequent alkylation step.
3.2. 1 SOLUTION-PHASE SYNTHESIS - ALKYLATION USING
SECONDARY AMINE
The intermediate secondary amine (1.28g) was added to a solution of
2-methoxybenzyl bromide (alkyl halide) (201mg, 1.00 mmol) in DMF (2.5
mL). The mixture was shaken for 30 minutes; then DBU (45wL, 0.30 mmol)
was added. The reaction was shaken for an additional 2.5 hours. After the
2.5 hours the product can then be isolated by filtration and dried in vacuo.
27
3.3 ANALYTICAL EVALUATION OF SOLUTION-PHASE
SYNTHESIZED LIBRARIES BY HPLC AND LC-MS
3.3.1 HPLC Conditions for 4-aminobenzoic acid
HPLC column used: Vydac 219TP5415, Diphenyl, 300 A, 5wm,
4.6 mm i.d. x 150 mm.















Run time: 25 minutes
Flow rate: 1 mL/min
Detection wavelength: 254 nm
Temperature: 30C
Inj. Vol.: 5-20 uL
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3.3.2 LC-MC Conditions for 4-aminobenzoic acid
HPLC column used: Hypersil BDS C-18 (50 x 3 mm, 3uM particles)
Mobile phase: 0.1% Formic Acid in DI Water : CH3CN
Gradient Conditions: 10% B - 95% B in 10 min; 95 - 100% B in 5
min
Flow rate: 0.25 mL/min
Inj. Vol.: 2 wL
3 .3 .3 HPLC Conditions for Ethyl p-aminobenzoate
HPLC column used: Vydac 219TP5415, Diphenyl, 300 A, Sum,
4.6 mm i.d. x 150 mm.














Run time: 20 minutes
Flow rate: 1 mL/min
Detection wavelength: 254 nm
Temperature: 30C
Inj. Vol.: 0.5 uL
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3.3.4 LC-MC Conditions for Ethyl p-aminobenzoate
HPLC column used: Aquasil CI 8 (2mm x 10mm, 5w particle)
Mobile phase: 0.1% Formic Acid in DI Water : CH3CN
Gradient Conditions: 10% B - 95% B in 10 min; 95 - 100% B in 5
min
Flow rate: 0.25 mL/min




4.1.1 HPLC Analysis - Reductive Amination of4-Aminobenzoic Acid
The following HPLC spectra all show formation of amine products in
the library with retention times of 13.3-13.7 minutes. There is no evidence of
unreacted starting material, which has a retention time of 8.341 minutes.
Table 4.1: Library ofDerivatives of 4-Aminobenzoic Acid
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Table 4.2: Yields: Reductive Amination of4-Aminobenzoic Acid
Aldehyde TotalArea Area ofAcid Area ofProduct % Product
Benzaldehyde 9726.39 0.00 4401.20 45.25
3,4-Dimethoxy
benzaldehyde
2190.66 0.00 338.00 15.43
2,4-Dimethoxy
benzaldehyde
1750.99 0.00 821.07 46.89
2,3-Dimethoxy
benzaldehyde
2525.78 0.00 674.11 26.69
o-methoxybenz
aldehyde
5366.50 0.00 3570.47 66.53
m-methoxybenz
aldehyde
1 1992.96 0.00 2937.16 24.49
p-methoxybenz
aldehyde
10386.12 0.00 2266.29 21.82
Acetophenone 7408.31 0.00 3359.64 45.35
4.1.2 LC-MS Analysis - Reductive Aminated 4-Aminobenzoic Acid
Derivatives
The following LC-MS chromatograms confirm the formation of the
target molecules shown in Table 4.1 except for the reaction when the
carbonyl compound is benzaldehyde. In Figure 4.9 we see the benzyl
fragment at 91 but the molecular ion does not appear.
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Figure 4.10: LC-MS Chromatogram ofReductive Amination of4-
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Figure 4.14: LC-MS Chromatogram ofReductive Amination of4-
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Figure 4.16: LC-MS Chromatogram ofReductive Amination of4-
Aminobenzoic Acidwith Acetophenone
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4.2 REDUCTIVE AMINATION OF ETHYL p-AMINOBENZOATE
4.2.1 HPLC Analysis - Reductive Amination ofEthyl p-aminobenzoate
The products of the reductive aminations were converted to HC1 salts
for purification purposes. The retention times for the HC1 salts range from
2.4-2.6 minutes.























































Table 4.4: Library ofAlkylated Derivatives ofEthylp-Aminobenzoate








































































4MB BnN' .N 4MB BnMe' .N 4MB BnF"
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4.3 REDUCTIVE ALKYLATION OF ETHYL p-AMINOBENZOATE
SALTS
4.3.1 HPLC Analysis - Alkylation ofEthyl p-Aminobenzoate
The retention times of the alkylated products seem to be identical to
that of the spectra of the reductive aminated products.
Figure 4.24: Chromatogram ofAlkylated Reductive Aminated Salt using






Figure 4.25: Chromatogram ofAlkylated Reductive Aminated Salt using
2,3-dimethoxybenzyl with Benzyl Bromide
10 12
Figure 4.26 : Chromatogram ofAlkylated Reductive Aminated Salt using











Figure 4.27: Chromatogram ofAlkylated Reductive Aminated Salt using














Figure 4.28: Chromatogram ofAlkylated Reductive Aminated Salt using o-










Figure 4.29: Chromatogram ofAlkylated Reductive Aminated Salt using m-













Figure 4.30: Chromatogram ofAlkylated Reductive Aminated Salt using p-
methoxybenzyl with Benzyl Bromide
mAU
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4.4 LC-MS OF REDUCTIVE AMINATED AND ALKYLATED
ETHYL p-AMINOBENZOATE SALTS
Figure 4.31: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with 2,4-dimethoxybenzaldehyde
(expected formula wt. = 315)
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Figure 4.32: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with 2,4-dimethoxybenzaldehyde
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IFigure 4.33: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with 2,3-dimethoxybenzaldehyde
(expected formula wt. = 3 15)















100 150 200 250 300 350 400 450 500 550
m/z. amu
600 650 700 750
Figure 4.34: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with 2,3-dimethoxybenzaldehyde
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Figure 4.35: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with 3,4-dimethoxybenxaldehdye
(expected formula wt. = 3 15)
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Figure 4.36: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with 3,4-dimethoxybenxaldehdye
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Figure 4.37: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with Benzaldehyde
(expected formula wt. = 255)
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Figure 4.38: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with Benzaldehyde








11.0 14^1 185.1 240.9^256.4 315.1327.0 413.K427.3 -.445.1 509.B 541.0 575.1 612.1644.0




Figure 4.39: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with o-methoxybenzaldehyde
(expected formula wt. = 285)
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Figure 4.40 : LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with o-methoxybenzaldehyde









-256.4 315.0^327.1 399.4 433.2 ,452 3 ^494 9 561.5 593.7 634.0




Figure 4.41: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with m-methoxybenzaldehyde
(expected formula wt. = 285)
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Figure 4.42: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with m-methoxybenzaldehyde
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Figure 4.43: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with p-methoxybenzaldehyde
(expected formula wt. = 285)
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Figure 4.44: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with p-methoxybenzaldehyde
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Table 4.5: Time Related Study forMonitoring Imine Reduction
% Imine %Product
After 0.5 hours 89.5 10.5
After 1 .5 hours 91.3 8.7
After 14 hours 85.2 14.8
*after 15 hours a second equimolar amount of reducer was added
After 15.5 hours 68.7 31.3
After 16 hours 25.7 29.7
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5. DISCUSSION
5.1 SOLUTION PHASE LIBRARY OF DERIVATIVES OF 4-
AMINOBENZOIC ACID BY INDIRECT REDUCTIVE
AMINATION.
In our research, the compounds were synthesized using an indirect
reductive amination approach. Indirect reductive amination is when you
allow an aldehyde or ketone to react with a primary or secondary amine to
completely form the imine before adding the reducing agent to produce the
desired mono alkylated product. Indirect reductive Amination prevents
unwanted bisalkylation products. We chose to use an aromatic amino acid,
4-aminobenzoic acid, as the primary amine. The carbonyl compounds used
were benzaldehyde, 3,4-dimethoxybenzaldehyde, 2,4-
dimethoxybenzaldehyde, 2,3-dimethoxybenzaldehyde, o-
methoxybenzaldehyde, m-methoxybenzaldehyde, p-methoxybenzaldehyde,
and acetophenone. Sodium triacetoxyborohydride, which was successful in
previous studies, was used as the reducing agent. Figures
4.1- 4.8 show the
results ofHPLC analysis of reductive amination intermediates. The absence
of starting material (8.34 minutes) and the appearance of peaks at 13
- 15
minutes show that the reaction was successful. We suspect the peaks at 2.6
63
minutes represent the zwitterionic form of the product since these
analysis were run with a buffer with a pH of 4. HPLC chromatograms for the
entire library can be found in Appendix A.
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Subsequently LC-MS spectra were obtained for all intermediates
which are shown in Figures 4.9 - 4.16. Spectrum 4.9, representing the
benzaldehyde adduct, does not show the molecular ion at 213 as expected,
but it does show a fragment 9 1 representing the stable benzyl cation.
Examination ofFigure 4.9 shows that the expected molecular ion (241) is
present in a minor amount. This is not surprising since reductive amination
reactions are known to react poorly with ketones.
68
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Figure 4.9: LC-MS Chromatogram ofReductive Amination of4-
Aminobenzoic Acid with Benzaldehyde
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Spectra for the three dimethoxybenzaldehyde analogs (Figures 4.10 -
4.12) show molecular ion peaks at the expected 287 peak as well as a major
fragment 151 corresponding to the stable (MeO)2Ph-CH2 fragment. Spectra
for the three methoxybenzaldehyde analogs (Figures 4.13-4.15) show
molecular ion peaks at the expected 257 peak as well as a major fragment at
121 corresponding to the stable MeOPh-CH2 fragment.
With the knowledge that this reaction is successful with an amino acid
as the starting material, the synthesis was repeated with a more soluble
amino ester, using the same reductive amination - alkylation procedure.
5.2 SOLUTION PHASE LIBRARY OF DERIVATIVES OF ETHYLp-
AMINOBENZOATE BY INDIRECT REDUCTIVE AMINATION -
ALKYLATION.
5.2.1 REDUCTIVE AMINATION OF ETHYL p-AMINOBENZOATE
The same carbonyl compounds mentioned in section 5.1, except for
acetophenone, were used for the synthesis of this library as well. The desired
library is shown in Table 4.3. After synthesizing all seven compounds they
were run through the HPLC for analysis. All the chromatograms for this
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library are presented in Appendix B. Upon analysis by HPLC the
chromatograms showed that samples were relatively impure. Appendix B7
depicts a typical chromatogram of the library indicating that the product is
not pure.









After determining that the samples were impure, we devised a way to
purify the samples. Following the HPLC analysis, all samples were purified
by conversion to their quaternary salts by acidification with concentrated
HC1 precipitation from ethanol. The salts were then subjected to HPLC
analysis. Figure 4.17 depicts a typical chromatogram of the reductive
aminated salts indicating that the purification was successful. The resulting
salts were dried and used in the subsequent alkylation step.
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5.2.2 ALKYLATION OF THE REDUCTIVE AMINATED SALTS
The reductive aminated salts were then alkylated using benzyl
bromide as the alkyl halide in DMF, which was shaken for 30 minutes. Then
DBU, the base, was added and the mixture was shaken for an additional 2.5
hours. The chromatograms are presented in Appendix D. Figure 4.24 shows
the first alkylated compound of this library. Representative chromatograms
for this library are seen in Figures 4.25 - 4.30.
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Figure 4.24: Chromatogram ofAlkylated Reductive Aminated Salt using






After careful examination of the HPLCs for the reductively aminated salts
and the alkylated salts we came to the conclusion that the chromatograms
were identical.
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5.2.3 LC-MS ANALYSIS OF THE REDUCTIVELY AMINATED SALTS
AND THE ALKYLATED SALTS
In order to understand why the chromatograms were identical we sent
the samples in to be analyzed by LC-MS. All of the LC-MS chromatograms
for the reductively aminated and alkylated salts are presented in Appendix E.
The first compounds of this library that were analyzed by the LC-MS are
shown in Figures 4.3 1 and 4.32, which are the reductively aminated salt and
the alkylated salt respectively.
Figure 4.3 1 : LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with 2,4-Dimethoxybenzaldehyde
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The LC-MS chromatogram in Figure 4.31 revealed a formulaweight of242




suggesting that not only did the reductive amination step involve the
reduction of the imine but it also involved reduction of the ester group to a
primary alcohol. The peak at 243 represents the parent ion -OCH3.
Figure 4.32: LC-MS Chromatogram ofAlkylated Salt ofEthylp-
Aminobenzoate with 2,4-Dimethoxybenzaldehyde
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The LC-MS analysis of the subsequent alkylation is shown in Figure 4.32.
This product is identical to the intermediate proving that subsequent
alkylations in the presence ofan alcohol group is unsuccessful.
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The o-, m-, andp-methoxybenzaldehyde analogs (Figures 4.33 - 4.44)
also showed the same result, reduction of the ester to an alcohol with no
alkylation.
With the knowledge the reductive amination - alkylation sequence
had partially failed; we took a closer look at the reductive amination step for
ethyl p-aminobenzoate.
Figure 4.33: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with 2,3-Dimethoxybenzaldehyde
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Figure 4.34: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with 2,3-Dimethoxybenzaldehyde
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Figure 4.35: LC-MS Chromatogram ofReductive Amination ofEthylp-
Aminobenzoate Salt with 3,4-Dimethoxybenzaldehyde .
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Figure 4.36: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with 3,4-Dimethoxybenzaldehyde
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Figure 4.37: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with Benzaldehyde
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Figure 4.39: LC-MS Chromatogram ofReductive Amination ofEthylp-
Aminobenzoate Salt with o-Methoxybenzaldehyde
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Figure 4.40: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with o-Methoxybenzaldehyde
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Figure 4.41: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with w-Methoxybenzaldehyde
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Figure 4.43: LC-MS Chromatogram ofReductive Amination ofEthyl p-
Aminobenzoate Salt with p-Methoxybenzaldehyde
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Figure 4.44: LC-MS Chromatogram ofAlkylated Salt ofEthyl p-
Aminobenzoate with p-Methoxybenzaldehyde
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5.2.4 A CLOSER LOOK AT THE REDUCTIVE AMINATION OF
ETHYL p-AMINOBENZOATE WITH 2,3-
DIMETHOZYBENZALDEHYDE OVER A 16 HOUR PERIOD.
In light of the above finding we decided to take a closer look at the
indirect reductive amination of ethylp-aminobenzoate. Indirect reductive
amination was carried out in which the amino ester and the carbonyl
compound were allowed to react for 2 hours prior to the addition of the
reducing agent to allow for sufficient imine formation. The results of this
study are depicted in Table 4.5. Within 30 minutes of adding the reducing
agent, we saw 89.5% of the imine and only 10.5% ofproduct formation.
After 1.5 hours of reduction, the results remained virtually unchanged. At
the end of 14 hours there was still 85.2% of the imine and only 14.8% of
product formation. Seeing that after 14 hours there was still 85% of
unreduced imine present, a second equimolar amount of reducing agent was
added at the end of the
15th hour. An hour after the second addition of
reducer, there was 25.7% of the imine and 29.7% of the product. The
chromatograms are presented in Appendix F
A graphical representation of these results is shown in Figure 5.1.
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This above time related study proved to us that there was concurrent
reduction ofboth the imine and the ester functional groups. The reduction to
the primary alcohol seemed to prevent the subsequent alkylation from
occurring. These findings agree with the information obtained from the LC-
MS analysis. Therefore, we are able to conclude that reductive amination is
not possible using ethyl p-aminobenzoate with sodium
triacetoxyborohydride as the reducing agent. Table 5.1 depicts the actual
library of derivatives that were formed.
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CH2OH M+ = 243.1
MeO

























It is possible to reductively aminate a-amino acids using a indirect
reductive amination with sodium triacetoxyborohydride as the reducing
agent. However, it is not possible to reductively aminate a-amino esters
using a indirect reductive amination with the above reducing agent.
In this study, an indirect reductive amination of a-amino acids using
carbonyl compounds as the limiting reagent yielded the desired
monoalkylated product. These secondary amines could have been further
derivatized by alkylation to yield an expanded library ofnew derivatives.
The a-amino ester, ethyl p-aminobenzoate, in an indirect reductive
aminaion however; did not yield the desired monoalkylated product. Instead
of the reducing agent reducing just the carbonyl it was also trying to reduce
the ester to an alcohol. One explanation for this is that the base used in this
reaction reacted with the alcohol functional group. Thus when alkylation
occurs, HBr is given off as a byproduct and any unreacted amine converts to
a quaternary amine salt, preventing subsequent alkylations. Because of this,
the subsequent alkylations were unsuccessful. We concluded that you can
not use ethyl p-aminobenzoate in a reductive amination using sodium
triacetoxyborohydride as the reducing agent, if subsequent alkylaiton is
desired.
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In terms of future work, the reductive amination of other amino acids
can be carried out. In addition to this, you can alkylate the secondary amine
to expand the library of compounds. As far as amino esters, reductive
aminations could be carried out with a variety of reducing agents to
determine if there is one that can reduce the carbonyl while leaving the ester
unchanged. If this is possible, then alkylation of the secondary amine can be
carried out in order to expand the library of compounds. There is also the
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Standard HPLC run for 4-aminobenzoa aclci
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,










C : \HPCHEM\1\METH0DS\R0HINI .M




























1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm













BV 0.3216 140.48978 5.49453 0.4258
2 1.982 W 0.0732 25.61673 5.09327 0.0776
3 2.367 W 0.3415 397.24515 16.03161 1.2040
4 2.750 VB 0.2570 179.14909 10.21738 0.5430
5 8.341 BV 0.9815 3.20663e4 422.52563 97.1902
6 12.747 VB 0.2957 168.90080 8.61566 0.5119
7 14.235 BP 0.3130 15.63513 6.49159e-l 0.0474
Totals 3.29934e4 468.62724
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 7/2/01 12:55:32 PM Kristen A2
4-aminoDenzoic Acid and Benzaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,
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1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=2 54 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 0.770 BP 0.1315 1 33208 1.43579e-l 0.0119
2 2.012 BV 0.0689 8 82480 2.00341 0.0789
3 2.419 W 0.1774 106 92139 7.94524 0.9554
4 2.640 W 0.1817 3023 44629 266.75473 27.0159
5 3.114 W 0.3478 119 26275 4.40663 1.0657
6 4.336 W 0.5203 53 73417 1.35688 0.4301
7 4.925 W 0.1901 7 76811 5.62912e-l 0.0694
8 5.321 W 0.3246 13 43887 5.35854e-l 0.1201
9 5.650 VB 0.2927 9 42,872 4.17400e-l 0.0842
10 6.756 BV 0.5543 2301 73804 58.61170 20.5671
11 9.512 W 0.7603 135 99741 2.27883 1.2152
12 11.065 W 0.8719 189 .14201 2.74131 1.6901
13 11.838 W 0.3555 59 .38443 2.28607 0.5306
14 12.338 W 0.3494 63 .69790 2.34153 0.5692
gtrument 1 7/9/01 2:58:06 PM Kristen A3
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU
"
] %
.... , 1 .... | _ | , 1 |
15 12.644 W 0.3331 70.99221 2.64829 0.6343
16 13.353 W 0.1572 4401.20361 452.29871 39.3268
17 13.872 W 0.1140 40.37905 5.02958 0.3608
18 14.069 W 0.1568 102.69811 9.17138 0.9177
19 14.552 W 0.2452 208.99275 11.43644 1.8674
20 15.106 W 0.1550 63.39261 5.61435 0.5664
21 15.364 W 0.1992 48.05313 3.13431 0.4294
22 15.823 W 0.2000 113.12691 7.59425 1.0108
23 16.247 W 0.0908 14.71973 2.34145 0.1315
24 16.437 W 0.1523 31.19959 3.02663 0.2788
25 16.796 VBA 0.0745 2.48936 5.67350e-l 0.0222
Totals : 1.11914e4 855.24881
*** End of Report ***
'Strument 1 7/9/01 2:58:06 PM Kristen A4
4-aminobenzoic Acid and 3,4-dimethoxybenzaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,



































1.00000e-2 [ng/ul] (not used in calc ,
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 0.774 BB 0.4407 437 70053 13.35306 15.7433
2 2.015 BP 0.0677 7 23166 1.68028 0.2601
3 2.406 VB 0.3152 535 78192 23.02089 19.2712
4 5.284 BB 0.4440 456 56772 13.70486 16.4220
5 9.150 BV 0.6470 27 60136 5.63691e-l 0.9928
6 10.414 W 0.4419 196 06577 6.29626 7.0522
7 11.228 VB 0.2408 226 54352 13.21226 8.1484
8 12.579 BV 0.3340 56 29319 2.09388 2.0248
9 12.776 W 0.2697 41 .37367 2.03066 1.4881
10 13.331 W 0.0980 338 .00037 52.78141 12.1573
11 13.630 W 0.1790 46 .66586 3.49637 1.6785
12 14.031 W 0.2063 67 .83999 4.32373 2.4401
13 14.512 W 0.2605 123 .59044 6.15492 4.4453
strument 1 7/12/01 10:06:45 AM Kristen A5












14 14.812 W 0.1215 23.93400 2.68514 0.8609
15 15.099 w 0.1558 51.93766 4.67578 1.8681
16 15.350 w 0.1989 34.27478 2.27749 1.2328
17 15.690 w 0.2482 57.34886 2.93659 2.0627
18 16.087 w 0.1019 9.77022 1.35013 0.3514
19 16.213 w 0.1094 11.37368 1.44341 0.4091
20 16.406 w 0.2710 30.33077 1.49912 1.0909
Totals : 2780.22598 159.57994
*** End of Report ***
DStrampnh 1 "7 / 1 - /m m.rlg.Ac; &M Ky-j qfan _____________ ______ _..A6
4-aminobenzoic Acid and 2,4-dimethoxybenzaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,










C : \HPCHEM\l\METHODS\ROHINI .M



































1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area He:.ght Area
# [min] [min] mAU *s [mAU ] %
1 2.269 PB 0.2716 555 26074 32 58710 13.8048
2 7.851 BB 0.7701 374 65805 6 48469 9.3147
3 10.995 BV 1.1171 336 28510 3 68504 8.3607
4 11.981 W 0.2347 240 39403 13 45211 5.9766
5 12.530 W 0.2156 63 99009 3 94101 1.5909
6 13.235 W 0.3844 224 57156 7 31389 5.5833
7 13.566 W 0.1728 98 19933 7 66524 2.4414
8 13.838 VB 0.0924 821 06866 132 93289 20.4133
9 14.435 BV 0.2318 137 .24844 7 .67963 3.4123
10 14.727 W 0.1591 62 .80336 5 .90292 1.5614
11 14.893 W 0.1067 49 .14143 6 .64226 1.2217
12 15.038 W 0.1745 96 .19322 7 .42408 2.3915
13 15.362 W 0.2207 131 .39381 8 .38595 3.2667
S 1" r-i imaii - 1 7/11/(11 a.Al.ni aM Jfri shon A7 J
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
~|
1-| 1 1 1 |
14 15.610 W 0.1778 122.64468 9.26010 3.0492
15 15.865 W 0.2310 239.69876 13.27563 5.9594
16 16.422 VBA 0.9427 468.67181 5.90967 11.6521
totals : 4022.22308 272.54222
*** End of Report ***
Strument 1 7/12/01 9:42:03 AM Kristen A8
4-aminobenzoic Acid and 2,3-dimethoxybenzaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 %
15 mins 0% mins D, 18 mins
s 95% D.
D,









C : \HPCHEM\l\METHODS\ROHINI .M














1.00000e-2 [ng/ui; (not used in calc .
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 2.017 BP 0.0642 4 62124 1.15492 0.1302
2 2.334 W 0.1958 104 32045 8.49103 2.9399
3 2.508 VB 0.2032 112 33967 8.06709 3.1659
4 7.412 PB 0.4754 217 37267 6.25326 6.1258
5 12.444 BB 0.4785 35 44432 9.63810e-l 0.9989
6 13.325 BV 0.2705 15 52699 7.88599e-l 0.4376
7 13.620 VB 0.3770 21 59932 7.76402e-l 0.6087
8 14.325 BV 0.3832 39 76886 1.32121 1.1207
9 14.923 W 0.1439 34 01269 3.21211 0.9585
10 15.043 W 0.0995 34 47400 5.08362 0.9715
11 15.391 W 0.0983 674 11163 104.88163 18.9973
12 15.914 W 0.1171 20 11178 2.42620 0.5668
13 16.043 W 0.1068 19 76832 2.66788 0.5571
itrumpnt- i 7/12/01 9:20:05 AM Kristen A9 J
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
14 16.189 W 0.0959 12.37317 1.77421 0.3487
15 16.728 W 0.1670 680.83087 54.16175 19.1867
16 16.857 W 0.1534 537.65869 47.13997 15.1519
17 17.155 W 0.1597 386.22125 31.69175 10.8842
18 17.475 W 0.1429 203.98653 18.97532 5.7486










End of Report ***
strument 1 7/12/01 9:20:05 AM Kristen A10
4-aminobenzoic Acid and o-Anisaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,










C : \HPCHEM\ 1 \METHODS\ROHINI . M
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1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm










PV 0.2467 65 76122 3.47929 0.8253
2 2.412 W 0.2118 137 85802 9.09476 1.7301
3 2.785 W 0.1978 1796 03479 120.05795 22.5401
4 3.762 W 0.3014 52 44239 2.22303 0.6581
5 4.412 VB 0.5699 147 76888 3.25796 1.8545
6 6.865 PB 0.3999 12 11517 4.17219e-l 0.1520
7 8.660 PP 0.4160 7 10209 2.56671e-l 0.0891
8 11.183 BV 0.5367 55 51981 1.34569 0.6968
9 12.239 W 0.6618 125 89111 2.38729 1.5799
10 12.840 W 0.4001 108 74809 3.50202 1.3648
11 13.237 W 0.2044 113 .73761 7.83044 1.4274
12 13.562 W 0.1361 69 .24525 7.76082 0.8690
13 13.737 W 0.0958 3570 .46631 574.21295 44.8091
3trument 1 7/17/01 12:42:18 PM kristen A11
4-aminobenzoic Acid and m-Anisaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,










C : \HPCHEM\l\METHODS\ROHINI .M














1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 2.014 BV 0.0742 9 78507 2.01134 0.0740
2 2.343 W 0.2018 86 00093 5.35733 0.6505
3 2.703 W 0.1567 2070 04028 198.41112 15.6566
4 2.925 VB 0.1644 2889 15430 249.18048 21.8519
5 5.103 BB 0.3847 126 12247 4.42843 0.9539
6 7.307 BB 0.3048 4 67212 2.18495e-l 0.0353
7 10.021 BV 0.4527 49 56049 1.45502 0.3748
8 10.866 W 0.2315 4096 61035 262.61469 30.9844
9 12.524 W 0.2859 76 73531 3.44722 0.5804
10 12.825 W 0.2818 64 .44947 3.11922 0.4875
11 13.275 W 0.1453 81 .33838 7.77582 0.6152
12 13.515 W 0.0886 2937 .15845 502.28055 22.2150
13 14.054 W 0.1913 100 .79823 6.99839 0.7624
Strumenl- 1 7/17/D1 1:07:57 PM kristen A12
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
14 14.536 W 0.2196 143.27464 8.91349 1.0836
15 14.836 W 0.1802 64.68293 4.72243 0.4892
16 15.099 W 0.1882 76.72662 5.33348 0.5803
17 15.438 W 0.2078 63.58576 3.89708 0.4809
18 15.718 W 0.2391 92.90116 4.95645 0.7027
19 16.106 W 0.2226 51.16068 2.95117 0.3870












lstmmenf 1 7/17/01 1:07:57 PM kristen
" ">
4-aminobenzoic Acid and p-Anisaldehyde
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,
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1.00000e-2 [ng/ul] (not used in calc .
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Hej.ght Area
# [min] [min] mAU *s [mAU ] %
1 1.559 PV 0.2129 237 45316 13 96862 1.9924
2 2.060 VB 0.1308 4960 92822 538 44745 41.6253
3 10.571 BV 1.2618 3158 89917 32 09669 26.5051
4 12.509 W 0.4057 129 59662 4 24427 1.0874
5 12.770 VB 0.2792 94 67291 4 31658 0.7944
6 13.504 BV 0.2051 2266 29395 166 81783 19.0156
7 14.039 W 0.2604 142 58398 7 01600 1.1964
8 14.521 W 0.2497 136 40321 7 31193 1.1445
9 14.816 W 0.1541 60 .54001 5 .28339 0.5080
10 15.078 W 0.2027 87 .02296 5 .66015 0.7302
11 15.345 W 0.2501 100 .13860 5 .02280 0.8402
12 15.702 W 0.4295 202 .34459 5 .77077 1.6978
13 16.398 W 0.4666 176 .39069 4 .76758 1.4800
strument 1 7/17/m 1-10:13 PM kristen A14
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU
"
] %
- 1 " I - 1 1 " I 1 |
14 17.072 VP 0.5054 164.79552 3.96426 1.3827
Totals : 1.19181e4 804.68831
*** End of Report ***
strument 1 7/17/01 1:30:13 PM kristen A15
4-aminobenzoic Acid and Acetophenone
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,


















































1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#
1





1 2.018 PV 0.0676 6 97697 1.62222 0.0775
2 2.414 W 0.2575 287 21906 15.05793 3.1918
3 2.706 W 0.1724 447 63217 37.99298 4.9744
4 2.934 W 0.1757 565 27228 44.99691 6.2818
5 3.684 W 0.2400 64 50123 3.72335 0.7168
6 5.590 VB 0.8846 3259 59302 51.87027 36.2232
7 10.230 BV 0.3713 3359 64062 133.92787 37.3350
a 11.325 W 0.3970 151 97-542 4.89667 1.6889
9 12.102 W 0.2688 53 38781 2.50751 0.5933
10 12.590 W 0.5007 94 24318 2.50166 1.0473
11 13.283 W 0.2015 79 .32819 5.86564 0.8816
12 13.564 W 0.0943 223 .80176 35.31363 2.4871
13 14.038 W 0.2093 77 .03173 4.83285 0.8560








Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,




















































1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
#
I





BP 0.1498 2.45352 2.55783e-l 5.296e-3
2 0.819 BV 0.2694 13 .34108 7.27079e-l 0.0288
3 1.394 W 0.2788 17.56222 9.41522e-l 0.0379
4 2.051 VP 0.2079 421.55731 31.62990 0.9100
5 2.892 W 0.1974 3.46673e4 2445.50610 74.8356
6 4.405 w 0.3158 19.69436 8.72468e-l 0.0425
7 12.132 BV 0.8237 1379.30542 20.70832 2.9775
8 13.025 W 0.3166 4597.34375 198.60902 9.9242
9 13.900 W 0.7144 2271.38354 39.00174 4.9032
10 15.157 W 0.1680 284.04703 23.37323 0.6132
11 15.387 W 0.7934 1521.14893 23.21873 3.2837
12 17.222 W 0.7028 1129.44507 21.51135 2.4381
strument 1 9/12/01 1:25:34 PM Kristen B2
TOtalS : 4.63245e4 2806.35525
End of Report ***
rument 1 9/12/01 1:25:34 PM Kristen
Ethyl 4-Aminobenzoate and Benzaldehyde (Reductive Anim
ation product made on Feb H, 2002) .((diluted with exce
ss methanol)) Cprcparra OZiM/oz.)
20uL injection
Gradient : 0 mins 95 %D, 6 mins 95% D, 10 mins 50 % D,










C : \HPCHEM\l\METHODS\ROHINI . M






























- U I -I I
en
o









1.00000e-2 [ng/ul] (not used in calc.)
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area





1 1.963 BV 0.6060 230.78485 4.57476 0.1084
2 2.211 W 0.2805 204.84521 9.29111 0.0962
3 2.752 W 0.4827 435.57446 12.05479 0.2046
4 4.061 W 0.5987 1.31802e5 3267.64551 61.9100
5 7.872 W 0.9874 7.05651e4 929.71643 33.1457
6 11.101 W 0.8493 3603.41346 60.48906 1.6926
7 12.978 W 0.2727 231.72353 12.11418 0.1088
8 13.388 W 0.3524 332.66110 12.11273 0.1563
9 13.807 W 0.2748 216.60429 10.79650 0.1017
10 14.276 W 0.2083 184.25389 11.99844 0.0865
11 14.441 W 0.2324 290.42838 16.20593 0.1364
3trument 1 2/11/02 10:51:58 AM kristen B4
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
12 14.911 W 0.2445 169.17436 9.97483 0.0795
13 15.226 W 0.2392 168.24611 10.19125 0.0790
14 16.283 W 0.4611 1154.02307 31.37723 0.5421
15 16.663 W 0.1969 389.90747 27.11197 0.1831
16 17.028 W 0.2845 782.33014 35.73588 0.3675
17 17.332 W 0.1389 295.45251 29.81431 0.1388










End of Report **;









5/23/2002 4:01:36 PM Seq. Line : 1
2,3 DMB Location : Vial 4
Kristen jnj . i
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/23/2002 3:58:58 PM by Kristen
C : \HPCHEM\ 1 \METH0DS \ PURGE . M








Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min]
I





PV 0.4975 511.70050 13.23938 2.0604
2 7.296 W 0.6208 2.36581e4 555.30817 95.2598
3 9.903 VB 0.2993 215.32344 10.29529 0.8670
4 11.249 PB 0.2005 40.36847 3.03220 0.1625
5 12.800 BV 0.3454 230.91328 9.01471 0.9298
6 14.150 BV 0.2512 89.11891 5.42795 0.3588
7 14.590 W 0.2793 89.81098 4.77076 0.3616
Totals 2.48354e4 601.08845
Results obtained with enhanced integrator!
*** End of Report ***









5/23/2002 4:17:23 PM Seq. Line : 2
2'4 DMB Location : Vial 5
Kristen jnj : \
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/23/2002 3:58:58 PM by Kristen
C : \HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13






















Signal 1: VWD1 A, Wavelength=254 nm












16.14207 2 16809 0.0974
2 2.225 W 0.1980 68.09425 4 91748 0.4110
3 2.510 VP 0.1205 20.44692 2 57035 0.1234
4 4.778 PV 0.2980 54.53098 2 63771 0.3291
5 6.869 BV 0.2996 4530.05908 216 39093 27.3424
6 7.666 W 0.2136 896.70306 64 33822 5.4123
7 7.962 W 0.3297 3477.20874 147 86520 20.9877
8 8.579 W 0.4289 2020.85999 63 86641 12.1975
9 9.567 W 0.3161 281.36343 11 98693 1.6982
10 11.305 W 1.4733 3013.25464 24 .02712 18.1873
11 12.929 W 1.0354 1894.28796 22 .15391 11.4335
12 14.740 VBA 0.5543 294.92831 8 .86720 1.7801
Total s : 1.65S79e4 571 .78956












33:07 PM Seq. Line : 3
Location : Vial
Inj : 1
Inj Volume : 1 Vl
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/23/2002 3:58:58 PM by Kristen
C : \HPCHEM\ 1 \METHODS \ PURGE . M








Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 1.948 VP 0.1057 54.71839 8.49752 0.2546
2 2.248 W 0.1767 47.23942 3.88826 0.2198
3 2.507 W 0.1584 20.79372 1.94181 0.0967
4 3.010 VP 0.3534 77.89747 3.39711 0.3624
5 6.285 PV 0.2464 4596.62207 291.76965 21.3862
6 6.689 W 0.4218 1.16337e4 388.86935 54.1265
7 7.733 VB 0.6400 2488.55981 50.66766 11.5782
8 12.910 BV 0.6447 472.38757 9.16901 2.1978










Results obtained with enhanced integrator!















5/23/2002 3:58:58 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M


























Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Hej.ght Area
#
I
[min] [min] mAU *s [mAU ]
|
%
1 0.746 BV 0.8417 1434.77795 25 71300 4.6299
2 2.099 VP 0.2114 75.72254 5 22094 0.2444
3'
3.350 VB 0.4224 68.72923 2 42523 0.2218
4 6.155 PV 0.3526 1.22568e4 524 68140 39.5519
5 6.725 W 0.3547 8316.56445 335 51855 26.8370
6 7.230 W 0.3222 3742.87842 173 03331 12.0780
7 7.670 VB 0.4805 4562.59814 129 16833 14.7232
8 10.995 BV 1.2464 395.05371 3 74149 1.2748
9 12.593 VBA 0.4417 136.08516 4 23669 0.4391
Totals 3.09892e4 1203.73895
Results obtained with enhanced integrator!
*** End of Report ***









5/23/2002 5:04:30 PM Seq. Line : 5
m"MB Location : Vial 8
Kristen Inj : l
Inj Volume : 1 ul
C : \HPCHEM\l\METHODS\KRISTENl .M
5/23/2002 3:58:58 PM by Kristen
C : \HPCHEM\l\METHODS\ PURGE . M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13



















Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
























Totals : 1.69625e4 553.30948
Results obtained with enhanced integrator!
*** End of Report ***










5/23/2002 5:20:12 PM Seq. Line : 6
P_MB Location : Vial 9
Kristen Inj : l
Inj Volume : 1 ]il
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/23/2002 3:58:58 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13




















Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area





VP 0.0892 21.56356 3.99117 0.1009
2 2.268 w 0.2664 64.41757 3 .28838 0.3014
3 5.955 w 0.4002 7036.61719 262.43576 32.9187
4 6.720 w 0.4234 9918.21680 330.01953 46.3994










Results obtained with enhanced integrator!

















Seq. Line : 3
Location : Vial 7
Inj : 1
Inj Volume : 1 ul
C : \HPCHEM\ 1 \METH0DS\KRISTEN1 . M
5/29/2002 5:09:20 PM by Kristen
C: \HPCHEM\1 \METH0DS\PURGE. M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13
















Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area










Totals : 909.95355 41.95281
Results obtained with enhanced integrator!
*** End of Report ***
strument 1 5/30/2002 10:34:36 AM SCHA 319 Class Monday 5/13 C2












Seq. Line : 4
Location : Vial 8
Inj : 1
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/29/2002 5:09:20 PM by Kristen
C:\HPCHEM\1\METH0DS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13














Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area









0.4314 124.14583 3.91231 6.6432
0.2213 24.88350 1.79601 1.3315
0.2922 1719.74036 92.06814 92.0253
1868.76968 97-77646
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/30/2002 10:34:57 AM SCHA 319 Class Monday 5/13 C3












Seq. Line : 5
Location : Vial 9
Inj : 1
Inj Volume : 1 ul
C : \HPCHEM\ 1 \METH0DS\KRISTEN1 . M
5/29/2002 5:09:20 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13










Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area











Totals : 1173.06363 55.73238
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/30/2002 10:35:14 AM SCHA 319 Class Monday 5/13 C4












Seq. Line : 6
Location : Vial 10
Inj : 1
Inj Volume : 1 ul
C:\HPCHEM\l\METHODS\KRISTENl.M
5/29/2002 5:09:20 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13
VWD1 A, Wavelength=254 nm (A:\WED00006.D)
mAU 1 ?
-i 1 1 r








Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
_| |_| | | | |
1 2.540 VP 0.3345 280.55377 13.56404 100.0000
Totals : 280.55377 13.56404
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/30/2002 10:35:35 AM SCHA 319 Class Monday 5/13 C5












Seq. Line : 7
Location : Vial 11
Inj : 1
Inj Volume : 1 ul
C:\HPCHEM\l\METHODS\KRISTENl.M
5/29/2002 5:09:20 PM by Kristen
C: \HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13


















Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area





1 2.569 VB 0.4504 457.72775 16.87539 100.0000
Totals : 457.72775 16.87539
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/30/2002 10:35:53 AM SCHA 319 Class Mondav 5/13 C6




















C : \HPCHEM\ 1 \METHODS \KRISTEN1 . M
5/29/2002 5:09:20 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13









Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area















Totals : 866.89248 42.80757
Results obtained with enhanced integrator!
*** End of Report ***
strument 1 5/30/2002 10:36:16 AM SCHA 319 Class Monday 5/13 C7













Seq. Line : 9
Location : Vial 13
Inj : 1
Inj Volume : 1 ul
C: \HPCHEM\1\METH0DS\KRISTEN1 .M
5/29/2002 5:09:20 PM by Kristen
C : \HPCHEM\ 1 \METHODS \ PURGE . M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13









Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height
# [min] [min] mAU *s [mAU ]
Area
%
1 2.484 VP 0.2624 584.93097 34.92781 100.0000
Totals : 584.93097 34.92781
Results obtained with enhanced integrator!
*** End of Report ***















5/30/2002 2:21:07 PM Seq. Line : 1
Benzald salt Location : Vial 7
Kristen Inj : i
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/30/2002 2:18:36 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M









Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area


















Results obtained with enhanced integrator!
*** End of Report ***
:rument 1 5/30/2002 4:43:18 PM SCHA 319 Class Monday 5/13 D2












Seq. Line : 2
Location : Vial 8
Inj : 1
Inj Volume : 1 ul
C:\HPCHEM\1\METH0DS\KRISTEN1.M
5/30/2002 2:18:36 PM by Kristen
C:\HPCHEM\1\METH0DS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13










Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area


















Results obtained with enhanced integrator!
*** End of Report
strumPTit- 1 R/7n/5009 4:43:37 PM SCHA 319 Class Monday 5/13 D3












Seq. Line : 3
Location : Vial 9
Inj : 1
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/30/2002 2:18:36 PM by Kristen
C:\HPCHEM\1\METH0DS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13







































































Total s : 1988.28368 115.82940
Results obtained with enhanced Integrator!
*** End of Report ***
trument 1 5/30/2002 4:43:56 PM SCHA 319 Class Monday 5/13 D4












Seq. Line : 4
Location : Vial 10
Inj : 1
Inj Volume : 1 ul
C: \HPCHEM\l\METHODS\KRISTENl .M
5/30/2002 2:18:36 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13
















Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height






0.8243 465.99884 7.17838 40.9122
0.1533 84.10065 7.30326 7.3836
0.2737 588.92133 31.26031 51.7042
Totals 1139.02082 45.74194
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/30/2002 4:44:14 PM SCHA 319 Class Monday 5/13 D5
o-MB reductive aminated SALT alkylation product (produc
t disolved in MeOH)
Gradient: 0 min 75% D,15 min 50% D
















5/30/2002 1:53:55 PM by Kristen
(modified after loading)
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13

















1.00000e-2 [ng/ul] (not used in calc . )
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
_| |____| | | | |
1 4.205 BB 0.7707 3838.87549 61.48407 100.0000
Totals : 3838.87549 61.48407
trument 1 5/30/2002 4:44:47 PM SCHA 319 Class Monday 5/13 D6
Re!^!!_!ine?_"^h enhanced integrator!
*** End of Report ***
ument 1 5/30/2002 4:44:47 PM SCHA 319 Class Monday 5/13 D7












Seq. Line : 5
Location : Vial 12
Inj : 1
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/30/2002 2:18:36 PM by Kristen
C:\HPCHEM\l\METHODS\PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13

















Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area








0.3834 95.05048 3.56993 6.1926
0.1091 17.96355 2.32526 1.1703
0.2895 1421.88757 78.11812 92.6371
Totals 1534.90161 84.01331
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/30/2002 4:45:09 PM SCHA 319 Class Monday 5/13 D8












Seq. Line : 6
Location : Vial 13
Inj : 1
Inj Volume : 1 ul
C : \HPCHEM\ 1 \METH0DS\KRISTEN1 . M
5/30/2002 2:18:36 PM by Kristen
C: \HPCHEM\1 \METHODS\ PURGE.M
5/16/2002 11:30:01 AM by SCHA 319 Class Monday 5/13










Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area




0.6879 1053.21436 18.73476 36.6060
0.2155 330.23734 20.51411 11.4779
0.2815 1493.71387 82.34797 51.9162
Totals 2877.16556 121.59684
Results obtained with enhanced integrator!
*** End of Report **1
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2,3 DMB reductive amination after 30min (product disolv
ed in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
% D,18 min 5% D,20 min 5% D
toble Phase: MeOH : 0.05 M Sodium Acteate (pH6) , 1 . 0 in
j
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins
25%D, 12 mins 5%D, 18 min 5%D
Location : Vial 13
1 Ul
5/15/2002 5:13:39 PM




5/15/2002 11:16:41 AM by Kristen
C : \HPCHEM\1\METH0DS\319ACEC8 .M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday 5/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow Rate of 0.60 ml/min. ACE C8
3.2 mm id x 50 mm) 40 degree C
Method Run prepared by LPR
















1.00000e-2 [ng/ul] (not used in calc .
trument 1 5/16/2002 10:32:25 AM SCHA 319 Class Monday 5/13 F2
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area




1 7.360 PB 0.3613 57.96070
2 11.514 BV 0.3729 1.82313e4
3 12.809 W 0.1565 317.62640
4 13.150 W 0.1746 191.50523
5 13.428 W 0.2224 131.89819
6 13.874 W 0.2677 215.85028
7 14.834 W 0.2762 2133.64600
8 15.228 W 0.2246 979.48242
9 15.658 W 0.1889 279.49313
10 16.383 W 0.4352 1528.36877
11 16.630 W 0.1834 476.19904
12 16.861 W 0.0840 181.30107
13 16.973 W 0.2162 572.34589
14 17.216 W 0.0586 104.93600
15 17.335 VBA 0.5329 1137.54639
Totals : 2.65395e4 1086.39149
Results obtained with enhanced integrator!











96 .22537 8 .0395
62 .15234 3 .6907
21 .59431 1 .0531
45 .71828 5 .7588
33 .77041 1 .7943
31 .12799 0 .6831
33 .85436 2 .1566
25 .29073 0 .3954
25 .74689 4 .2862
istrument 1 5/16/2002 10:32:25 AM SCHA 319 Class Monday 5/13 F3
2,3 DMB reductive amination after 1.0 hour (product dis
olved in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
% D,18 min 5% D,20 min 5% D
\!oble Phase: MeOH : 0.05 M Sodium Acteate (pH6), 1 . 0 in
j
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins












Location : Vial 13
Inj Volume : 1 ul
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/15/2002 11:16:41 AM by Kristen
C: \HPCHEM\l\METHODS\319ACEC8 .M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday 5/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow Rate of 0.60 ml/min. ACE C8 (
3.2 mm id x 50 mm) 40 degree C .
Method Run prepared by LPR
Samples prepared by class (Monday) Run time 4.50 min 75 bar running pressure

























1.00000e-2 [ng/ul] (not used in calc . )
strument 1 5/16/2002 10:32:51 AM SCHA 319 Class Monday 5/13 F4
Signal 1: VWD1 A, Wavelength=254 nm





mAU *s [mAU ] %
1 7.417 W 0.3770 57.60568
1
2.30910 0.2576
2 11.528 BV 0.3268 1.55437e4 637.22827 69.4977
3 12.829 W 0.1599 255.23579 23.54952 1.1412
4 13.158 W 0.1759 150.93736 12.49609 0.6749
5 13.459 W 0.2403 134.34862 7.68664 0.6007
6 13.881 W 0.2666 185.69290 9.35145 0.8303
7 14.843 W 0.2797 1710.15417 76.09444 7.6463
8 15.235 W 0.2277 804.54346 50.22503 3.5972
9 15.658 W 0.2199 296.24356 17.44707 1.3245
10 16.364 W 0.3821 1142.85535 36.85881 5.1098
11 16.639 w 0.1806 378.12552 27.04914 1.6906
12 16.869 w 0.0870 150.94109 24.80039 0.6749
13 16.982 w 0.2090 441.55389 27.09847 1.9742
14 17.229 w 0.0689 99.30147 20.77536 0.4440
15 17.341 VBA 0.5792 1014.53571 21.01813 4.5361
Totals : 2.23658e4 993.98791
Results obtained with enhanced integrator!
*** End of Report ***
strument 1 5/16/2002 10:32:51 AM SCHA 319 Class Monday 5/13 F5
2,3 DMB reductive amination after 1.5 hour (product dis
olved in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
% D,18 min 5% D,20 min 5% D
Moble Phase: MeOH : 0.05 M Sodium Acteate (pH6) , 1.0 in
j
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins














Location : Vial 13
Inj Volume : 1 ul
C: \HPCHEM\1\METH0DS\KRISTEN1 .M
5/15/2002 11:16:41 AM by Kristen
C : \HPCHEM\l\METHODS\319ACEC8 .M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday 5/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow Rate of 0.60 ml/min. ACE C8 (
3.2 mm id x 50 mm) 40 degree C
Method Run prepared by LPR
Samples prepared by class (Monday) Run time 4.50 min 75 bar running pressure






















1.00000e-2 [ng/ul] (not used in calc.
strument 1 5/16/2002 10:33:15 AM SCHA 319 Class Monday 5/13 F6
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 7.853 BB 0.3995 31.59988 1.19775 0.2063
2 11.642 BV 0.3364 1.09030e4 424.04773 71.1794
3 12.852 W 0.1739 163.72063 13.46397 1.0688
4 13.167 W 0.1892 109.25887 8.26373 0.7133
5 13.495 W 0.2609 127.29686 6.65936 0.8310
6 13.897 W 0.2712 131.17943 6.47664 0.8564
7 14.855 W 0.3484 1038.20532 38.11314 6.7778
8 15.258 W 0.2145 361.37485 24.27178 2.3592
9 15.675 W 0.2158 175.20364 10.53889 1.1438
10 16.395 W 0.3149 496.88757 19.68316 3.2439
11 16.424 W 0.1160 163.80804 19.68371 1.0694
12 16.654 W 0.1852 220.91788 15.63621 1.4422
13 16.879 W 0.0885 90.75819 14.59889 0.5925
14 17.003 W 0.1017 112.81780 15.62008 0.7365
15 17.063 W 0.1289 146.50897 15.54762 0.9565
16 17.240 W 0.0652 60.18535 13.10605 0.3929
17 17.361 W 0.5563 615.06458 13.31824 4.0154
18 18.628 VBA 0.9382 369.86127 4.78482 2.4146
Totals : 1.53177e4 665.01175
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/16/2002 10:33:15 AM SCHA 319 Class Monday 5/13 F7
2,3 DMB reductive amination after 14 hour (product diso
lved in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
% D,18 min 5% D,20 min 5% D
toble Phase: MeOH : 0.05 M Sodium Acteate (pH6) , 1.0 in
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins
25%D, 12 mins 5%D, 18 min 5%D
Location : Vial 13
1 Ul
5/16/2002 7:59:32 AM




5/16/2002 7:56:49 AM by Kristen
(modified after loading)
C:\HPCHEM\l\METHODS\319ACEC8.M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday 5/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow Rate of 0.60 ml/min.
3.2 mm id x 50 mm) 40 degree C
Method Run prepared by LPR
































1.00000e-2 [ng/ul] (not used in calc.)
trument 1 5/16/2002 10:33:37 AM SCHA 319 Class Monday 5/13 F8
Signal 1: VWD1 A, Wavelength=254 nm





mAU *s [mAU ] %
1 0.570 BV 0.0924 156..18083 23.85541 1.5617
2 0.879 W 0.1452 199. 77615 17.84258 1.9976
3 1.781 W 0.1751 11.,89456 8.56886e-l 0.1189
4 2.017 W 0.1633 7.,89069 6.18912e-l 0.0789
5 7.599 VB 0.4267 61,,07265 2.12698 0.6107
6 11.679 BV 0.1361 1485,.35095 161.94513 14.8525
7 11.794 W 0.3037 3933 .30151 170.71339 39.3305
8 12.870 W 0.1779 145 .64149 11.64765 1.4563
9 13.181 W 0.1816 99 .18933 7.73921 0.9918
10 13.468 W 0.2755 120 .72882 6.19380 1.2072
11 13.776 W 0.2587 109 .97404 5.31980 1.0997
12 14.675 W 0.1712 681 .37250 51.21447 6.8133
13 14.872 W 0.2077 450 .99252 29.22438 4.5096
14 15.150 W 0.2450 286 .98886 15.10075 2.8697
15 15.708 W 0.1980 13 0 .45639 8.50141 1.3045
16 16.394 W 0.5014 536 .82520 13.85898 5.3679
17 16.676 W 0.1949 174 .58284 12.07726 1.7457
18 17.013 W 0.3154 279 .43674 12.12720 2.7942
19 17.392 W 0.3015 267 .49384 11.58085 2.6748
20 17.674 VBA 0.9442 861 .49646 11.36274 8.6144
Totals : 1.00006e4 573.90778
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/16/2002 10:33:37 AM SCHA 319 Class Monday 5/13 F9
2,3 DMB reductive amination after 15 hour (product diso
lved in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
% D,18 min 5% D,20 min 5% D
Moble Phase: MeOH : 0.05 M Sodium Acteate (pH6) , 1.0 in
j
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins
25%D, 12 mins 5%D, 18 min 5%D
Location : Vial 13
1 Ul
5/16/2002 8:20:37 AM
2,3 DMB 15hr rd
Kristen
Inj Volume
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/16/2002 7:56:49 AM by Kristen
(modifier', after loading)
C : \HPCHEM\l\METHODS\319ACEC8 .M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday 5/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow ^ate of 0.60 ml/min.
3.2 mm id x 50 mm) 40 degree C
Method Run prepared by LPR





























1.00000e-2 [ng/ul] (not used in calc.)
trument 1 5/16/2002 10:33:58 AM SCHA 319 Class Monday 5/13 F10
Signal 1: VWD1 A, Wavelength=254 nm
Peak :RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 0.824 BV 0.2530 29. 07417 1.,43143 0.2868
2 1.050 W 0.2453 67.,60832 3,,39680 0.6669
3 1.355 VP 0.2853 108.,14481 6,,06250 1.0667
4 1.648 W 0.1147 228,,62245 25,.51598 2.2551
5 1.926 W 0.0833 57,,06932 10,,34630 0.5629
6 2.125 W 0.1348 61.,68463 6,.81095 0.6084
7 2.378 VB 0.1703 143,.90497 12,.01179 1.4194
8 11.548 BV 0.2296 1679,.30164 102,.18989 16.5642
9 11.966 W 0.3570 3078,,76758 127,.67411 30.3681
10 12.415 W 0.2319 451,,56766 28,.64774 4.4541
11 12.882 W 0.1807 143 .33554 11,,13550 1.4138
12 13.194 W 0.2318 129 ,41701 7,,61227 1.2765
13 13.519 W 0.1986 87 .48315 6 ,23699 0.8629
14 13.787 W 0.1231 54 .15108 5 .67011 0.5341
15 13.906 W 0.1883 79 .07305 5,.95762 0.7800
16 14.106 W 0.0953 37 .92806 5,.48382 0.3741
17 14.671 W 0.1425 747 .10504 69 .72106 7.3692
18 14.903 W 0.2186 675 .52515 40,,66396 6.6632
19 15.278 W 0.2179 212 .05663 13,.85684 2.0917
20 15.704 W 0.2146 138 .06581 8,.35482 1.3618
21 16.460 W 0.4671 504 .28012 13,.12820 4.9741
22 16.673 W 0.1826 161 .48602 11,.61595 1.5929
23 16.892 W 0.1076 83 .93559 11,.22646 0.8279
24 17.020 W 0.0944 76 .69883 11,,41319 0.7565
25 17.092 W 0.1267 106 .52366 11 .37281 1.0507
26 17.259 w 0.0795 59 .36271 10 ,42730 0.5855
27 17.375 w 0.6399 556 .91302 10,,41389 5.4932
28 18.609 VBA 0.8981 379 .07199 5 ,01372 3.7391
Totals : 1.01382e4 583.39200
Results obtained with enhanced integrator!
*** End of Report ***
:rument 1 5/16/2002 10:33:58 AM SCHA 319 Class Monday 5/13 F1I
2,3 DMB reductive amination after 15 hours a second amo
unt of reduce^ was added, after a 1/2 hour a sample was
taken (total 15.5 hours) (product disolved in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
I D,18 min 5% D,20 min 5% D
Moble Phase: MeOH : 0.05 M Sodium Acteate (pH6) , 1.0 in
j
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins














C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/16/2002 7:56:49 AM by Kristen
(modified after loading)
C : \HPCHEM\l\METHODS\319ACEC8 .M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday^/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow Rate of 0.60 ml/min.
3.2 mm id x 50 mm) 40 degree C
Method Run prepared by LPR
Samples prepared by class (Monday) Run time 4.50 min 75 bar running pressure
ACE C8 (


























1.00000e-2 [ng/ul] (not used in calc.
trument 1 5/16/2002 10:34:19 AM SCHA 319 Class Monday 5/13 F12
Signal 1: VWD1 A, Wavelength=254 nm
Peak :RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
1 7.485 PB 0.4121 89. 70077 3.,23666 1,,0417
2 11.669 BV 0.3362 2939. 55518 113.,84466 34.,1374
3 12.868 W 0.1612 173. 37730 15. 83264 2,,0134
4 13.184 W 0.1715 99.,59969 8.,50989 1,,1567
5 13.477 W 0.2501 108.,23837 6.,07494 1,,2570
6 13.886 W 0.2627 119.,79497 6,,17556 1,.3912
7 14.638 W 0.1382 1339..41760 129,.48727 15..5548
8 14.839 W 0.1506 476,.78925 41,.77739 5,.5370
9 15.029 W 0.1179 184,,12256 20 .49742 2 .1382
10 15.249 W 0.2120 418,.15759 28 .48754 4 .8561
11 15.673 W 0.2095 195..48643 12 .15081 2 .2702
12 16.182 W 0.3050 371 .25916 16 .21222 4 .3115
13 16.424 W 0.2240 409 .38824 23 .12649 4 .7543
14 16.646 W 0.1920 271 .03568 18 .12025 3 .1476
15 16.862 W 0.0782 89 .91462 16 .48002 1 .0442
16 16.998 W 0.0963 120 .49644 17 .82250 1 .3993
17 17.061 W 0.1807 249 .34274 17 .82553 2 .8956
18 17.358 W 0.5523 665 .88208 14 .44709 7 .7330
19 18.609 VBA 0.8317 289 .40106 4 .19904 3 .3608
Total s : 8610 .95972 514 .30792
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/16/2002 10:34:19 AM SCHA 319 Class Monday 5/13 F13
2,3 DMB reductive amination after 15 hours a second amo
unt of reduce was added, after a 1 hour a sample was t
aken (total 16 hours) (product disolved in MeOH)
Gradient: 0 min 95% D,6 min 95% D,10 min 50% D,15 min 0
i D,18 min 5% D,20 min 5% D
Moble Phase: MeOH : 0.05 M Sodium Acteate (pH6) , 1 0 in
j
Gradient: 0 mins 50%D, 3 mins 50%D, 7 mins 25%D, 8 mins











Location : Vial 13
1 UlInj Volume
C : \HPCHEM\1\METH0DS\KRISTEN1 .M
5/16/2002 7:56:49 AM by Kristen
(modified after loading)
C : \HPCHEM\l\METHODS\319ACEC8 .M
5/13/2002 1:34:26 PM by SCHA 319 Class Monday 5/13
SCHA 319 Method 28% Methanol with 72% HOAc(l%) in Water. Flow Rate of 0.60 ml /min
3.2 mm id x 50 mm) 40 degree C
Method Run prepared by LPR
Samples prepared by class (Monday) Run time 4.50 min 75 bar running pressure













1.00000e-2 [ng/ul] (not used in calc.)
:rument 1 5/16/2002 10:35:57 AM SCHA 319 Class Monday 5/13 F14
Signal 1: VWD1 A, Wavelength=254 nm
Peak RetTime Type Width Area Height Area
# [min]
| |
[min] mAU *s [mAU ] %
1 7.672 BB 0.3191 45. 52145 2.
|
.01370 0.6559
2 11.695 BV 0.1581 822.,15308 76.,99335 11.8457
3 12.131 W 0.5022 1428.,55273 38,,94541 20.5828
4 12.874 W 0.1675 143.,02663 12,,45314 2.0608
5 13.191 W 0.1741 85.,72730 7,,18952 1.2352
6 13.480 W 0.2596 103.,17654 5,,61237 1.4866
7 13.886 W 0.2686 110,,90766 5,,57314 1.5980
8 14.651 W 0.1583 952 .36023 78,.06283 13.7218
9 14.764 W 0.0371 77,.36555 30 .27338 1.1147
10 14.839 W 0.1118 258 .98526 32 .03868 3.7315
11 15.101 W 0.1286 172 .22841 17 .61210 2.4815
12 15.248 W 0.2163 357 .08133 23 .93758 5.1449
13 15.671 W 0.2359 178 .84184 10 .53403 2.5768
14 16.421 W 0.4074 646 .79968 19 .42405 9.3192
15 16.642 W 0.1870 220 .24178 15 .28737 3.1733
16 16.876 W 0.0811 79 .46915 13 .94047 1.1450
17 16.999 W 0.1031 111 .40324 15 .18522 1.6051
18 17.058 W 0.1722 198 .96107 15 .14163 2.8667
19 17.365 W 0.5653 600 .78546 12 .79352 8.6562
20 18.614 BBA 0.9268 346 .92365 4 .58316 4.9985
Totals : 6940.51205 437.59465
Results obtained with enhanced integrator!
*** End of Report ***
trument 1 5/16/2002 10:35:57 AM SCHA 319 Class Monday 5/13 F15
